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A very simp!©, fast, and sensitive RIA of angiotensin (Ang) 
II has been developed, based on a monoclonal antibody 
with high affinity and specificity, making possible the 
direct measurement of circulating Ang II in human plasma 
after solid-phase extraction. The purified monoclonal an* 
tibcdy 4D8 has an association constant of 1.3 x 10" 
Umol with Ang II and a cross-reactivity of <1% for Ang I. 
The assay can detect as little as 0.8 fmolof Ang II in2mL 
of plasma and Is not influenced by the presence of Ang I. 
Analytical recoveries between 112% and 116% were 
obtained for Ang II added to human plasma at physiolog- 
ical concentrations. Comparison of the RIA with a re- 
versed-phase, high-performance liquid chromatographic 
method followed by RIA to measure Ang II in human 
plasma samples from normal and hypertensive sub- 
jects—and from nomtotensive subjects before and after 
an acute inhibition of anglotensln-converting enzyme with 
captopril (50 mg)— showed a high degree of correlation 
(r a = 0.93) between the two methods. 



A^HtenJ Kcj^fcrocco: hyp&tenston • radioimmunoassay • 
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The octapeptide angiotensin (Ang) U is the major 
hormone of the renin-angiotensin system; it regulates 
blood pressure and aldosterone secretion. 6 A sensitive 
and specific SUA is required for measuring Ang II in 
human plasma because the concentration of this analyte 
is low and its precursor, Ang I, is structurally similar. 

Monoclonal antibodies (MAbs) are routinely used in 
clinical diagnosis and are replacing conventional anti- 
esra because of their availability and their greater 
specificity and affinity. Of the MAbs against Ang II that 
have been described (1-5), several are specific, but most 
have low affinity for Ang O. 

Here we report on the production and characterization 
of a potent MAb (4D8) directed against Ang II and used 
in the development of an RIA for measuring immunore- 
active Ang II in human plasma in the presence of Ang I. 
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Materials 

Source of peptides. International standard Ang II Got 
86/638) was kindly provided by the National Institute 
for Biological Standards and Control (NIBSC; Herts., 
UK). Ang I, Ang II, Ang HI, and Ang(l-7) were pur- 
chased from Bachem (Torrance, CA); Ang(3-£), Ang(4- 
8), Ang(5-8), Ang(2-10) from Peninsula Labs (Saint- 
Helens, Merssyside, UK); tetradecapeptide (human 
form) saralasin and [Sar^lAng II from Sigma Chemical 
Co. (St. Louis, MO). All other peptides were synthesized 
in our laboratories. 

Other reagents. Bovine serum albumin (BSA), bovine 
gamma globulin, and hemocyanin (from LimuluQ poly- 
phemus hemolymph) were obtained from Sigma Chemi- 
cal Co. Acetonitrile, polyethylene glycol (PEG) 6000, and 
l-ethyl-3-(3-dimethylaznmopropyl)caro^ were 
from Merck (Darmstadt, FRG). Amerlez M (a sheep 
anti-mouse IgG coupled to magnetic particles) and 
126 I-labsled-Ang O ([ 136 IJAng II) were purchased from 
Amersham (Bucks., UK). Polystyrene Star tubes were 
from Nunc (Roskilde, Denmark). Triethylamine was 
obtained from Prolabo (Paris, France). 

Production of MAbs 

Preparation of immunogen. Ang II was conjugated to 
hemocyanin with a water-soluble carbodiimide, as de- 
scribed by Preedlender and Goodfriend (6). The protein 
content of the final product was determined by the 
method of Lowry et al. (7), and the number of residues of 
Ang H incorporated was estimated by adding [ 126 I]Ang 
II to the coupling reaction. The results indicated that 
400 Ang II residues were conjugated to 1 hemocyanin 
molecule (molecular mass 1740 kDa). 

Immunization procedure. A high-responder Biozri 
mouse (8) and a BALB/c mouse were immunized with 
100 jig of the hemecyanin-Ang II conjugate. The first 
injections were given subcutaneously in complete Pre- 
und f s adjuvant; the final injection was given intrave- 
nously 3 days before the fusion under conditions de- 
signed to prevent anaphylactic shock (9). 

Production of hybridomas. P3-X$3-Ag8-653 murine 
myeloma cells were fused with imm nnfl spleen cells by a 
procedure previously described (10). Briefly, 2 x 10 8 
splenocytes and 4 x 10 7 myeloma cells were fused in the 
presence of 1 mLof4C0g/L PEG 1640 solution (Riedel 
de Ha&n, Seelze, Hannover, FRG). At the end of the 
fusion procedure, the cells were distributed (0.2 mL/ 
well) at a density of 150 x 10 3 cells/well into microcul- 
ture plates containing macrophages as feeder cells (5 x 
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10 s BALB/c peritonea] exudate cells/well). Hybridomas 
were selected in hjrpoKantJiine-amimpterm-thymidine 
medium* Anti-Ang II MAbs in culture supernatants 
were detected by their binding to [ m HAng H (see nest 
section). Antibody-producing hybridomas were immedi- 
ately cloned by the limiting dilution method. 

Immune serum testing and MAb screening procedure. 
Anti-Ang II antibodies in the mouse serum and in 
culture supernate were detected by their binding to 
[ 126 I]Ang H. We incubated 100 of each culture 
supernate or dilution of mouse serum overnight at 4 °C 
with 100 pL of [ 12S I]Ang II (-10 4 counts/min) in 0.1 
mol/L imidazole - HC1 buffer, pH 7.5, containing BSA, 2 
g/L (RIA buffer). The separation of bound from free Ang 
II was performed with 1 mL of a 200 g/L PEG 6000 
solution as previously described (11). The radioactivity 
in the bound fraction was determined in the pellet after 
osntrifugation. 

Mass production and purification of MAbs. Ascites 
were produced after intraperitoneal injection of cloned 
selected hybridoma cells into pristane-treated BALB/c 
mice. MAbs were then purified from the ascites by 
affinity chromatography on Protein A-Sepharcse (Phar- 
macia, Uppsala, Sweden) as described by Ey et al. (12). 

Characterisation of MAbs: specificity and affinity. An- 
tibody specificity was evaluated by RIA. The RIA was 
performed with purified MAb in the presence of various 
concentrations of Ang II (standard curve) or Ang II- 
related peptides. Briefly, 100 pL of MAb at a dilution 
that binds 80% of tracer was incubated in RIA buffer 
overnight at 4 X with 50 pL of Ang II or Ang II-rel ated 
peptide and 50 pL of [ m I]Ang II as tracer. Separation of 
bound from free Ang II was performed with PEG 6000 or 
0.5 mL of Amerles M magnetized antibodies. The cross- 
reactivities were calculated by the method of Abraham 
(13 ). The association constant of the purified anti-Ang II 
MAb was determined by Scatchard analysis (14) of the 
Ang II inhibition curves. 

Subjects 

Group I consisted of 21 normal healthy ambulant 
volunteers. Group II comprised nine normal subjects who 
received a single oral dose of 50 mg of captopril; blood 
samples were collected from their antecubital veins be- 
fore (in the upright and the supine position separately) 
and 60 and 120 min after drug administration. Group IH 
comprised 12 hypertensive patients, whose blood was 
collected in the supine position without inhibition of 
angiotensin-converting enzyme (ACE). Blood samples 
from Group I were used to determine normal concentra- 
tions of Ang II by the direct RIA with MAbs. All plasma 
samples from Groups II and m were used to determine 
Ang II concentrations by the direct RIA and by the 
comparison method, reversed-phase high-performance 
liquid chromatography (HPLC) followed by RIA. 

Procedures 

Blood collection and solid-phase extraction. Plasma 
blood samples were collected in tubes kept on ice at 4 °C 
and containing EDTA, 6.25 mmol/L, the renin inhibitor 



SR 43845, 10 nmol/L (15), and the ACE inhibitor 
MK422, 10 /imol/L (final concentrations), to prevent 
generation as well as degradation of Ang II (16). The 
samples were immediately centrifuged (700 x g) at 4 °C 
and the resulting plasma was stored at -70 °C until 
analyzed. Using Bond Elut pH cartridges (Analytichem, 
Harbor City, CA), we extracted angiotensin peptides 
from 2 mL of plasma (1 7), as follows: For each plasma 
sample, one cartridge containing 100 mg of phenylsilyl- 
silica was prewashed with 1 mL of methanol, followed 
by 1 mL of water. We passed 2 mL of cold plasma 
through the cartridge and then washed this with 1 mL 
of water. Adsorbed angiotensin peptides were eluted 
from the cartridge with 0.5 mL of methanol and col- 
lected in a conical polypropylene tube previously coated 
with BSA (5 g/L in 0.1 mol/L imidazole • HC1 buffer, pH 
7.5, containing NaN 3 , 0.2 g/L) overnight at room tem- 
perature, or in a borosilicate glass tube. The methanol 
was evaporated under reduced pressure in a centrifuge 
evaporator. Plasma Ang II in the solid-phase extract 
was then measured by our direct RIA method with 
immobilized MAb (detection of immunoreactive Ang ID 
or after separation from other angiotensins by HPLC 
followed by RIA (detection of authentic Ang ID. 

Direct RIA. The immobilized MAb was prepared as 
follows: 300 pL of a solution of purified goat anti-mouse 
IgG secondary antibody at a concentration of 5 mg/L in 
PBS (phosphate-buffered saline) Dulbecco (Seromed, 
Biochrom, Berlin, FRG) was incubated at room temper- 
ature overnight in polystyrene Star tubes. The nest day, 
the tubes were washed with PBS, filled with 1 mL of 
PBS + BSA (0.3 g/L), incubated for 30 min at 37 °C, and 
washed again; then, 250 pL of a solution of MAb 4B8 (in 
a concentration that binds 30% of tracer) was added and 
the tubes were incubated at 4 °C overnight. After wash- 
ing, the tubes were used without further delay. 

To assay immunoreactive Ang II in plasma, we dis- 
solved the solid-phase extract in 500 pL of RIA buffer, 
then added 200 pL of extract or Ang II (0.6 to 30 finol 
per assay) to 50 pL of [ l25 I]Ang II tracer (4000 counts/ 
min). After incubating this overnight at 4 °C, we sepa- 
rated free Ang II from antibody-bound Ang II by adding 
1 mL of RIA buffer to the tubes and aspirating. The 
[ 126 I]Ang n bound to the tubes was measured with a 
gamma counter. 

HPLC coupled to RIA. Plasma Ang(l-S) octapeptide 
(authentic Ang II) was measured by using the same 
monoclonal antibody after separating the various angio- 
tensin peptides by HPLC, according to a previously 
described method (18) with minor modifications. After 
reconstituting the solid-phase extract in 140 pL of 0.1 
mol/L acetic acid, we vortex-mixed the sample and 
injected 100 pL of this solution into the HPLC. An- 
giotensins were separated by using a 100 x 4.6 mm 
column (packed with 3-pm particle size Hypersil ODS; 
SFCC, Neuilly Plaisance, France) connected to a pump 
system (Waters 501; Millipore, Bedford, MA) fitted with 
an automatic injector (Waters 712 WISP). Elution was 
at 45 °C with an isocratic mobile phase of acetonitrile 
and 86 mmol/L triethylammonium phosphate (pH 3.0) 
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(17/S3 by vol) and at a flow rate of 0.6 mL/min. Based on 
the retention times of angiotensin peptide standards, 
Ang II was collected at 7.28 min after injection, in four 
to eight 105-/aL fractions into tubes containing 50 of 
0.1 mol/L imidazole • HC1 buffer, pH 7.5, containing 
BSA, 9 g/L. We then added to each fraction 100 /iL of 
[ 126 QAng II tracer (3000 counts/min) and 100 /iL of a 
solution of MAb 4D3 (binding 30% of tracer) in RIA 
buffer. Ang II standards (0.2 to 50 miol in 50 /iL of RIA 
buffer) and 105 fjL of mobile phase were likewise incu- 
bated with 100 fiL of antibody and 100 /iL of tracer. 
After a 72-h incubation at 4 °C, free Ang II was sepa- 
rated from antibody-bound Ang II by adding to each 
sample 250 of a charcoal-dextran suspension (11 g of 
charcoal and 1 g of dextran per liter of RIA buffer) and 
incubating for 10 min at room temperature. After cen- 
trifugation at 3000 x g for 20 min, the supernate was 
aspirated, and the radioactivity of the charcoal pellets 
(containing free [ 125 UAng II) was measured in a gamma 
counter. The individual values of each of the four to 
eight fractions of each sample were added together and 
the sum was compared with the value obtained by direct 
RIA measurement. 

Statistics. Concentrations of Ang II in the normoten- 
sive subjects are expressed as means ± SE. Correlation 
coefficients of linear regression were calculated by using 
the least-squares method. 

Iftooutto 

Although the immunization protocols were the same, 
the serum titer of the antibodies from the BALB/c 
mouse (1/20 000) was markedly greater than that ob- 
tained in the Biozzi mouse (1/20). Fusion with spleen 
cells from the Biozzi mouse (F141) yielded 20 anti-Ang 
II hybridomas, whereas 140 anti-Ang II hybridomas 
were obtained from the fusion performed with the 
spleen cells from the BALB/c mouse (F150). 

MAb characterization. The most potent MAb produced 
by hybridoma from F141 had an association constant of 
10 s L/mol; in contrast, from fusion F150, we selected 12 
MAbs with association constants >10 10 L/mol and 10 
more between 10 9 and 10 10 L/mol. MAb 4D8 was chosen 
for its high affinity, produced in ascites fluid, and puri- 
fied; its association constant was 1.3 x 10 11 L/mol. 

MAb specificity. All of the MAbs tested showed com- 
parable specificity profiles. Taking reactivity with Ang 
II as 100%, cross-reactivity was <1% for Ang I and 
>100% for Ang HI. Cross-reactivity decreased with the 
successive loss of amino acids from the amino terminus 
for peptides generated by degradation of Ang II. No 
cross-reactivity was observed when peptides lacking 
phenylalanine in the carboxy terminus were tested 
(Figure 1). There was no cross-reactivity with the non- 
peptidic Ang II-receptor antagonists Dup 753 and CGP 
42112A. 

Characteristics of the direct RIA. In standard curves, 
10 fmol of Ang II displaced 50% of the tracer in 10 
separate assays (CV 6%). The least quantity of peptide 
that significantly displaced tracer (2 SD from the point 
for zero peptide on the standard curve) was obtained by 
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adding 0.85 fmol of unlabeled Ang II. In a control assay, 
we measured a concentration of Ang II <1 pmol/L in 
pre-extracted plasma. When the immobilized MAb used 
was preincubated for 24 h with either the plasma 
extract or the Ang II standard, 7 fmol of Ang II displaced 
50% of the tracer (CV 6%) (Figure 2). 

Analytical recovery and normal values. Increasing 
amounts of Ang II were added to a plasma sample before 
extraction. The recovery values were between 112% and 
116% (Table 1). 

Plasma immunoreactive Ang II was measured in 
samples taken from 21 normal healthy ambulant vol- 
unteers, ages 20 to 40 years (Group 1). The mean 
concentration was 5.2 (SE 2.3) pmol/L. 

The CV for within-assay precision (10%) was estab- 
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lished by assaying in the same RIA eight aliquots of a 
single plasma containing Ang II at 2.7 pmol/L. The CV 
for between-assay precision (9%) was determined by 
measuring the Ang II content of a single plasma sample 
(mean 4.1 pmol/L) on 5 different days. 

Comparison with HPLC coupled to RIA method. To 
validate the direct RIA, we made separate measure- 
ments of immunoreactive and authentic (HPLC) Ang II 
in plasma from subjects with widely different plasma 
concentrations of the peptides. Thirty-nine blood sam- 
ples were taken from nine normal subjects in the up- 
right and supine positions and also at 60 and 120 min 
after acute ACE inhibition (with 50 mg of captopril) in 
the supine position. Blood samples also were collected 
from 12 hypotensive patients in the supine position. 
After solid-phase extraction, plasma Ang II concentra- 
tions were determined by the present RIA method and 
by the previously established method (HPLC linked to 
RIA). Figure 3 shows that the angiotensin peptides were 
completely resolved by HPLC before the RIA. As de- 
picted in Figure 4, Ang II concentrations in 39 human 
plasma samples measured by both methods were nearly 
identical over the range of concentrations from 0.4 to 
62.2 pmol/L and correlation was excellent (y = 0.9Sx + 
0.3d, r 3 = 0.93, SEE = 2.4). Plasma concentrations of 
immunoreactive Ang II did not exceed the concentra- 
tions of authentic Ang II, even in subjects given ACE 
inhibitor. At peak ACE inhibition (60 min after capto- 
pril), neither immunoreactive nor authentic Ang II was 
detectable. 

This very sensitive and specific RIA for measuring 
Ang II was developed with the use of a very potent MAb 
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(4D8). The anti-Ang II antiserum titer of the mouse 
whose spleen cells were used for the fusion that led to 
hybridoma F150-4D8 was very high, even taking into 
account the homology between human and murine Ang 
II. Indeed, the association constant (1.3 x 10 11 L/mol) 
was unusually high for an anti-hapten MAb (19). In the 
standard curve of the RIA developed by Nussbarger et 
al. (5) with an anti-Ang II MAb, 32 frnol of Ang II was 
needed to displace half of the tracer. In the standard 
curve of the RIA we developed with the MAb 4D3, 10 
frnol displaced half of the tracer. The latter assay is 
sensitive enough to measure immunoreactive Ang EI in 
human plasma. The reproducibility of the assay at the 
mid-dose concentration, however, could be further in- 
creased by preincubating immobilized MAb with the 
Ang H-containing sample: under these conditions, 7 
fmol displaced half of die tracer. Values of Ang II in 
plasma from healthy volunteers were in the same range 
as that reported by others (16, 17, 20-23). 

The low cross-reactivity with Ang I might be ex- 
plained by the fact that MAb 4D8 has carboxy-terminal 
specificity. Furthermore, there was little or no cross- 
reactivity with peptides for which the C-terminal amino 
acid was not phenylalanine. MAb 4D8 therefore should 
be especially valuable for detennining Ang II concen- 
trations in patients treated with inhibitors of ACE or 
renin. 

All the MAbs obtained with our Ang II-hemocyanin 
conjugate had the same specificity. Apparently, aspartic 
acid is not in the epitope recognized by these antibodies; 
in addition, the charge on this amino acid may have a 
negative effect on the binding, as shown by the better 
recognition of Ang III and [Sar*]Ang II. The cross- 
reactivities of MAb 4D8 with Ang EE-related peptides 
decreased with the successive removal of the N-terminal 
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amino acid, suggesting that Arg, Val, and Tyr are 
involved in the epitope. Taken together, our results 
suggest that MAb 4D8 recognizes a discontinuous epi- 
tope involving Arg, Val, and Tyr at the amino terminus 
and the phenylalanine at the carbozy terminus. 

The potent nonpsptidic antagonists for tissue recep- 
tors of Ang II, Dup 753 (24, 25) and CGP 42112A (26), 
which specifically block the Ang II receptors in adrenal, 
liver, or uterus at nanomolar concentrations, showed no 
cross-reactivity with MAb 4D8. These results suggest 
that MAb 4D3 and the Ang II receptor recognize Ang II 
differently. 

Using MAb 4D3, we measured plasma immunoreac- 
tive Ang II in a group of subjects having a wide range of 
concentrations of circulating renin and Ang II, includ- 
ing normal volunteers before and after acute ACE 
inhibition with captopril. When ACE is acutely inhib- 
ited, a high concentration of renin and hence Ang I 
builds up in the circulation, whereas the plasma concen- 
tration of Ang II falls to very low values. Concentrations 
of immunoreactive Ang 0 were not higher than the 
concentrations of authentic Ang II in these subjects, 
showing that the direct RIA did not result in a falsely 
high estimate of Ang II concentrations in the plasma of 
these subjects. Indeed, interference from Ang I was 
negligible: MAb 4D8 showed low cross-reactivity with 
Ang I (<1%). Although MAb 4D8 cross-reacts with the 
N-terminal heptapeptide, hexapeptide, and pentapep- 
tide fragments of Ang II, our results can be explained by 
the fact that concentrations of Ang HI and other immu- 
noreactive metabolites in human plasma are low (20, 
22, 27, 28); in addition, the in vitro degradation and 
generation of cross-reacting material was successfully 
blocked. Earlier observations by Nussberger et al. (16) 
suggested that use of a renin inhibitor during blood 
sampling prevents in vitro generation of Ang I and Ang 
II, as well as the formation of angiotensin metabolites, 
and thereby renders the values obtained by direct mea- 
surement of immunoreactive Ang II closer to the con- 
centrations of authentic Ang XI. 

In conclusion, the present RIA method for measuring 
Ang II in human blood is accurate and does not require 
separating Ang II from its immunoreactive metabolites. 
This fast and sensitive direct RIA for Ang II, based on 
an MAb with high affinity and specificity, allows easy 
routine measurement of immunoreactive Ang II in 
human plasma. 

We thank S. L. Salhi for critical reading of the manuscript. 
References 

1. Nussberger J. Mudgett-Hunter M, Mateueda G, Haber £. A 
monoclonal antibody specific for the carboiiy-terminua of angioten- 
sin n. Hybridoma 1934;3:373-6. 

2. Heard C, Ronco P, Moullier P, et al. Epitope diversity of 
angiotensin Q analysed with monoclonal antibodies. Immunology 
1986;57:19-24. 

3. Couraud PO. Structural analysis of the epitopes recognized by 
monoclonal antibodies to angiotensin II. J Immunol 1986;136: 
3366-70. 

4. Reilly TM, Chin AT, Timmermans PBMWM. Monoclonal anti- 



bodies to angiotensin H. Biochem Biophys Res Commun 1987;143: 
133-9. 

5. Nussberger J t Keller I, Waeber B, Brunner H. Angiotensin II 
measurement with high affinity monoclonal antibodies. J Hyper- 
tens 1988;6(Suppl 4):S424-£. 

S. Freedlender AF, Goodfriend TL Renin and the angiotensins. 
In: Jaife BM, Behrman HR, eds. Methods of hormone radioimmu- 
noassay, 2nd ed. New York: Academic Press, 1979:889-907. 

7. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent J Biol Cham 1951; 
193:265-75. 

8. Biozzt G, Mouton D, Bouthillier Y, Mevel JC. Amplification des 
caracteres "bonne production" ou "mauvaiee production" d'anti- 
corpa, produits par selection gen£rique ches la eouria. Correlation 
entre rimmunodeficience et Tincidenoa de lymnhomes. C R Acad 
Sci [D] (Paris) 1984;299:753-8. 

9. Millies P, Bonenfant F. Maladies infectieuaea. Collection med- 
icochirurgicale. Paris: Flammarion, 1955:670-1. 

10. Galen FX, Devauz C, Atlas C, et al. New monoclonal antibod- 
ies directed against human renin. J Clin Invest 1984;74:723-35. 

11. Galen FX, Guyene TT, Devaus C, Ausan C, Corvol P, Menard 
J. Direct immunoassay of human renin. J Clin Endocrinol Metab 
1979;48:1041^3. 

12. Ey P, Ptowes 8J, JenMn CR. l£olation of pure IgGl, IgG2a and 
IgG2b immunoglobulins from mouse serum using Protein A-Seph- 
arose. imwrnTinrh^iwi^rtry 1978;15:429-36. 

IS. Abraham GW. Solid-phase radioimmunoassay of estriol-17- 
beta. J Clin Endocrinol Metab 1989£9:868-70. 

14. Scatchard G. The attraction of proteins for small molecules 
and ions. Ann NY Acad Sci 1949;51:660-72. 

15. Nisato D, Lacour C, Roccon A, et al Discovery and pharma- 
cological charactsrisatiesi of highly potent, picoznolar-rongs, rcain 
inhibitors. J Hypertens 1987;6XSuppl 5):S23-6. 

16. Nussbarger J, Brunner DB, Waeber B, Brunner HR. In vitro 
renin inhibition to prevent generation of angiotensins during 
determination of angiotensin I and II. Life Sci 1988;42:1683-8. 

17. Nussberger J, Brunnes- DB, Waebsr B, Brunner HR. Tru© 
versus immunoreactive angiotensin II in human plasma. Hyper- 
tension 1985;7(Suppl D£l-7. 

18. Huang H, Baussant T, Reade R, Michel JB, Corvol P. Mea- 
surement of angiotensin II concentration in rat plasma: patho- 
physiological applications. Clin Exp Hypartsno [A] 1989*,A11: 
1535-48. 

19. Marchand J, Gores A, Badouaille G, Bras JM, Simon D, Pau B. 
Production and partial characterization of monoclonal antibodies 
against 3,3',5-triiodo-L^yronine. Hybridoma 1987;6:97-101. 

20. Nucsberger J, Brunner DB, Waeber B, Brunner HR. Specific 
measurement of angiotensin metabolites and in vitro generated 
angiotensin II in plasma. Hypertension 1986;8:476-82. 

21. Souther ME, Lumpkin RH, Kuo KC, Reams GP, Bauer JH, 
Gehrke CW. High-performance liquid chromatographic-radioim- 
munoassay: method for the measurement of angiotensin II pep- 
tides in human plasma. J Chromatogr 1987;417:27-^0. 

22. Kawamura M, Yehuda K, Afrabone S, et al. A censitivo 
method for precise measuremsnt of endogenous angiotensin I, II 
and HI in human plasma. Clin Exp Hypertens [A] 1987^9:687-91. 

23. Hermann K, Ganton D, Unger T, Bayer C, Lang RE. Measure- 
ment and characterisation of angiotensin peptides in plasma. Clin 
Chem 1988;34:1046-51. 

24. Chin AT, Herblin WF, McCall DE) et al. Identification of 
angiotensin II receptor subtype Biochem Biophys Res Commun 
1989;166:196-208. 

25. Wong PC, Price WA, Chiu AT, et al. Nonpeptide angiotensin 
II receptor antagonists. VOT. Characterisation of functional antag- 
onism displayed by Dup 753, an orally active antihypartensive 
agent. J Pharmacol Exp Thar 1990-^52:726^32. 

26. Whitebread S, Mel M, Kamber B, Gasparo M. Preliminary 
biochemical characterization of two angiotensin II receptor sub- 
types. Biochem Biophys Reo Commun 1989;163:284-91. 

27. Sample PF, Boyd AS, Dawes PM, Morton JJ. Angiotensin II 
and its heptapeptide (2-8), hesapeptide (3-8), and pentapeptide 
(4-8) metabolites in arterial and venous blood of man. Circ Res 
1976;39*71-78. 

28. Campbell DJ, Kladis A. Simultaneous radioimmunoassay of 
six angiotensin peptides in arterial and venous plasma of man. J 
Hypertens 1990;8:165-72. 



CLINICAL CHEMISTRY, Vol. 38, No. 10, 1992 H&37 



